
AN W11

Problems in Aerial Application: I. -V.

April 1966

~ZK~i3~ COCT 3 11967
diatribw~xi i.3 iLiZii LJL6L

OFFICE OF AVIATION MEDICINE

FEDERAL A VIA TION AGENCY



AM 6W-1I

IPjO(B•I,•NIS IN AERIIAL tI'II&A'I'OŽ%: I.-V.

L. B. Hlinshaw

T. E. Emcran, Jr.

J. A. Rieser. Jr.
W. 11. Stavinoha

L. A. Solomon
V. Fiorica

1). A. Reins
D. D. Hlolmes

Appror•d by R90ed by

,I. {,,,v~rrI•,,,..M I•.P. V. Sl/m M.D.
('11T I Nl:' t 11..•:•,M~H'I FI-I3wR.c, Alit suIturO.

June 1966

FEDERAL AVIATION ADMINISTRATION

Office of Aviation Medicine



ACKNOWLEDGMENTS

The authors wish to express their appreciation to Joyce Nfatrkinan for
her amistmane in smrgical prxvdurrq nvermary in w.,tting up the nniwnkh fur
these experiments.

Appreciat.. n is expressed to T)r. Francis .. Iladdy. Chairman. Dept. of
Physiology. Oklahoma University Medical Center. for his review of the imanu-
script of Part Ill.

QutHfte.• rtqu4totrts may obtain Aviation Medical Reports from Ir.fen-,e i)4'unrwrtatlon
Center. The general public liay purchapp from ('learinghoum, for 14d.liral aiciefitit, find

Tec•'h l lnfarmition, U.S. Ibept. of coni.o erce. Springfield, Vu. =21151



PROBLEMS IN AERIAL APPLICATION

1. Acute Effects of the Insecticide Endrin on Renal Function and Hemodynamics

I1. Introduction, were maintained by continuous infusion with a

Itenal hemiodynmiei changes in the dog dur- Harvard infusion-withdrawal pump. U~rine was
Jug- thle early phase of acute intoxication by' not c-Alectedl since renlal plasma flow (RPF)
end~rii,* at chlorinated hydrocarbon insecticide, and glomerular filtration rate (GFR) were deter-
have bpenu reported 1)y this laboratory., The mninedl directly from the arterial-venous differ-
svinalinto-adlrenaiI sy'stenis have b~een assigned at enes of the clearance reagents. Renal blood flow

Ipromtinei .it role in renal vatscular repos, but was measured direc~iy wvith at graduated cylinder
no attemp~t has been made to (define a priority and stop watch. Blood was returned to the
of function. The p~resent studly wats therefore. femoral vein from at reservnir via at Sigmamotor
dlesignedl to evaluate the relative contribution of pumpl. Systemic arterial pressure (SAP) was

the neural and hunioral components of the renal measured from the cannulatted femoral artery
vascutlar response to endrin. w~ith a Statthiam pressure transducer connected to

a Sanborn direct-writing recorder.

Acut Mexprmehowrdproreso.ivn A. Renal denervation experiments. Five experii-
tAcute exermet wer pefre nfvn ments were performed in which the kidneys were

tatand six adirenaiectoinized adult mongrel dogs, exposed by incision through the flank region and
16 to 20 kg in weight (Figure' 1). Each ani- the renal vein cannulatteci for direct-flow measure-
mnal servedl aAq its owvn control, and effects of mns aewstknt vi eeigo
various maneuvers were compared to a con- damaging Crenalevs taendroavin wseveinfue os

trol period of 10 to 20 minutes prior to admin- demcribgednabol andes folloing as ifsteadyaste

istration of endrin. All dogrs wvere anesthetized decidabvadflongasay-te
~vthsd un enob bial (0 nk) d response of renal b~lood flow, phenol wats applied

withsodum entbarital (3 mgkg)ad- to the renal pedicle. Flows were followed to
miniter~l itraenosly.Cou'ulsonsres ltn determine the effects of the chemical denervation.

front administration of endlrin were controlled Surgical denervation was then performed.
by succinylcholine cliloride*** (0.5 mig/kg), and Petlmnf(. g a netdit h
respiration wits manandwith itStarling re- renal artery after flow had stabiliied, and con-
pirator using room awv. Control samples were secutive 30-second flows were taken for about 5
taken after at mnimiinum equilibration period of mnts hnxbnaiet(0m/gi

30 mnuts. Pevius sudis hae sown hat 100 nil of saline), another adrenergic blocking
vaseular changes due to succinylehioline chloride a~gent, was added to the reservoir and infused
and sodlium pentobarbital aire min imal.2. intravenously., The experiment was terminated

Endrin wats administered by infusion of at after monitoring systemic pressure and arterial
lethal (lose (10 mng/kg) in alcohiol. (25 mg/mI) renal-blood- flow changes for a maximum of 30
into thme blood reservoir. A priming solution of minutes.
p)-amninohippurate (PAH-) and creatinine was
add~ed to thle blood( reservoir, and blood levels B. Renal den ervation experiments on adren-

_________ .dectontized anhimalx. Six animals were adren-
* ndrin - 1.2.3,4.l0,10.hexnchiloro-0.7,-epoxy-1,4,4a,5,6.7,8,8a - lcoie ugcly hnpeae n rae

octa - hydro - 1,J, - endo-enido-5,8.-dimethanonapthr~lene, obtained lcoiesugalythnpprdantetd
front Nutrition~ii Biochemical Corp., 21010 MJiles Ave., Cleveland. as above.
01041.

SNt-mbutal, obtained from Abbott Laboratories, N. Chicago, t Regitine--obtained from Ciba Pharmaceutical Co.. Summit.

SAý'ectine, obtained front Burroughs WVellcome Co. tt Dibenzyline-supplied thirough the courtesy of Smith,
Tuckaiio.-, N.Y. Kiline, and French.
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FIGURE: 1. Developinent of bradycardla and hypertension after endrin in Intact and adrenalectonlized dogs.

III. Results. showed decreases at about 30 minutes after en-
A. Rnaldenrvaione~petmets fiv do~). drin, but subsequently recovered (Figure 3).

These animals showed a marked ýicrense in renal B. Renal denervat ion, ',t adrenalectomtized ani-
resistance with decreased renal blood flow, SysS- mal~q (six dogs). The mean increase in systemic
teinic hypertension (Figure 213), and brady- arterial pressure and development of bradycardia
eardia (Figure, :1) 3,Nithin 10 to 20 minutes after weriS similar in adrenalectomized animals and in
infusion of endrin. ])enervation of the renal intact-animal experiments (above). There was
Ipedicle p~rodlucedl a variab~le effect on renal blood a variabl-3 effect on renal blood flow in contrast
flow. lIn somfe histanees, a mild increase in flow to results ob~tained fromn animals with intact
occurred. Injection of phientoluminec into the adrenals (Figure 2A). The mean effects of de-
renal artery of these animails significantly low- nervation and phentolamnine were less than those
ered renal vascular resistance and restored blood( ob~served in intact, animials, although infusion
flows through the kidneys to a level nearly equal of phen-ioxybenizamiiine'resuiltedI in a marked in-
to control values. (Wil anid filtration fraction crease in blood flow. Filtration fraction re-
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I tr'llI: 2A. ]feICts of dlenervatlon and adrenergl,-blocklng agents on adrenitleetomized dogs administered endrin.
-'iiil cluiigit•s iill m id litandard errors, for .ystelnlic arterial pressure (SAP) and ienial blood flow (RBF) for ench

pirot'4il4ure ol six di|rentilehtoi.ized dog., p Vilhies for SAPl c.lange.s are 0.01 for the period of endrin response

111i0 0.1 (wi- greater for respolses to other |laitleIuvers4. p values for I01FP elianges tire 0.1 for each maneuver.

It VIhIII'.5 Wenil. cIIlculated for the flinal point plotted for eclih mIaineuver ats compared to zetro minie for that ma-

Ileiivoil. zer.9 thille It ea'ch instance indicates that mieasurled renal b)lood flow ]1l(1 been 4Aible fL 1 to 4 minutes.
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FIG1;E• 211. 1•ffects of denlervaito|n and aldrenergic-blocking agenlts on intact dogs antmlillstered endrin.M[eanl clanlges mtid( standa]trd err'ors for five inltac{t dogs are ais desc.ribed for Fig|ure 2A. p vallu ts for SAP are
,).1 or larger for aill llmtilteuIvers ex(ePpt the respom le to phe ltoxybe llza llnine where p valu~e Is 0.0,5. p valufes for
]I]IF alre 0.05• for r'es•po ln.e to endrln tiltad phen~tolami|||ne aI1nd 0.1 or ]tlargem for res.ponses to other malneulver's
p villues were calculated as lin Figure 2A.,

100
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Ilntriu dogse ill t heo.' uitlees cImvplolge,4l die,'ro.'cl circeulatintg mgrtseti that r'ausee nfTer:ent arteriolitr
gitnnirular filtration rntr.; sand roenal blorl fRow iirdn.

vihsste,'inii hvjp'rfension an tai hraily4'rdia her. The witort'guhatt ry t'mklolt5w of incrvN~.ed renal
in ho firs~t houir after evpoetsirr awl demonr- rm&4amwue to ityslelom hyporellsdon ling lmen

stratet! a temulonry to reitirt boward cantral ilthwn to In, only it fnrwtion of thr tntsil rhangr
vaipwik with hine (Figurr 13). -wvene inl emutriit potoiing.1 Lu the adreiitlee,

It atiwar%- thu owidriu, ha% ric dirwit ctfevt ftonired aninials, thiý .,ur regulatury rvponse be-
ont the kine vstint ure*,' sjinv prvviieul %ork 410111" IMore uSignificanit as systensltiI hyjwir-ewllial
has detio nstratied flint emirmAimug alord the slot- sand brlwdlye'nrin develop to the wime faut*U ini
pthu-sidrenal system. sand wn sadrvuergic 6tc"cI- fi'alets lse kkiln~liat sa in intact (Fig~ure 1)

iuig skett enisawil return of ivisal blood flouts but with a miuch smallier i:srvaw in renal vas-
inward control values. Anainstlls that ur'm acitwi- cular re~i.tISnFU* f Figutre 2A and 213).
nsthwtoinizrd ldid not deveclop die izusi-keil lurresa.s Effrc'ts of the' central itervous systemi onl the
inl renal reis We see ill mnltai liiml%- Lairk k kidnpy nayv he derived (tt d~eweily from neorual
of resI)515 em simms eso ills dnj-r t F4 'tlt contIrol of ilho runini vascular liet or 4 lb) illiirectiv
2.A) will like kdturp increasw it% ren~al blood flow frorn cata~eeu~var~oeaiie tsttii
whenl phelfnohaiiilen wais stdaielilistered to intact lkyjwllIhshiolk tand adreuaal-g~lad dischtarge. D~i.
anainstuls (Figure~ 211) are evidence, tlint changes reel neural conttrol has a mnilor aend variable
ill renalt %-amrulsir rvsistante ore primasrily durw role itsu indicated Iky changes in blcxxd flow dur.
to circulastinlg ine'loam e.lg ilie denervation experiments (Figure 2A

(lkallg"s ill (FU? ill illidart aneilliaels cojincidenIt ande~ 2U1). 8yidematic hlypCe~krienio causez ad ~uto-
with ie velopmnertt of Ikyl~lerktruioiI and dclrestuted regullatory ~ok thauzt Ikau previously boen
renil, bloodl flow couldi also lie accounited for by~ shown I to playv a mintior role in elkangeut in reital
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PROBLEMS IN AERIAL APPLICATION:

II. Peripheral Vascular Effects of the Insecticide Endrin*

I. Introduction. ment the limb vascular bed;' limb-brachial-artery
.A clearer understanding of the mechanism of orifice pressure (LAP) was taken aq aortic blood

action of insecticides is needed in order to deal pressure; small artery pressure (SAP) was ob-
more comnprehensively with insecticide poison- tained from a PE 50 cannula placed in a meta-
ing(V. This is especially true in the case of crop- carpal artery and advanced retrogradeiv under
dusting pilots, who are repeatedly exposed to the foot pad; small vein pressure (SVP) was
insecticides. Acute exposure to chlorinated hy- measured through PE 50 tubing secured in a
drocarbon insecticides may be fatal in animals digital vein with its tip pointing upstream; and
or man, whether absorptioi) is by ingestion, in- large-vein orifice pressure (LVP) was maintained
halation or dermally.". 1 This group of insecti- at atmospheric pressure. The forelimb was sur-
tides includees a large numlber of compounds, gically separated from the body except for the
ranging in toxicity from D)D)T, which is only bone, artery, and, in half of the series, the major
moderately toxic to mammals, to endrin, a nerves. The limb was perfused at natural flow
highly toxic poison in animals and man. Until through the intact brachial artery at the dog's
recently, little was known of the cardiovascular systemic arterial blood pressure. Venous blood
effects of endrin poisoning. Reports from this flowed by gravity from the cut brachial and
laboratory have shown that lethal intraveiioos cephalic veins into a plastic reservoir and was
infusion of endrin causes severe cardiovascular returned to the animal through a cannulated
alterations in the dog, including early hyperten- femoral vein by a Sigmamotor pump. The ex-
sion followed by hypotension, bradycardia, in- tracorporeal system consisted of plastic tygon
creased cerebrospinal fluid and cerebral venous tubing and was primed with 100 cc of high-
prv.--nre,-' and increased renal vascular resist- molecular-weight dextran.** Limb-blood-flow
ance.10  Hyperactivity of the sympathetic and rates (BF) were obtained with a graduated cylin-
parasympathetic nervous systems also has been der and stopwatch. Resistances were calculated
indicated.Y The chlorinated-hydrocarbon insecti- by dividing the pressure difference across a par-
cides aldrin and dieldrin also cause deleterious ticular vascular segment by the total leIv blood
vascular and neurological effects in animals." 4 flow (limb resistances: total =LAP-LVP/BF;
The present investigation was undertaken to de- arterial =LAP-SAP/BF; small vessel=SAP-
lineate the peripheral vascular effects of acute and SVP/BF; venous = SVP-LVP/BF). Aortic
lethal endrin poisoning in the dog. blood pressure of the animal was recorded from

II. Methods. a cannulated femoral artery. Hematocrits and

Mongrel dogs of both sexes were intravenously pH's were determined from femoral vein blood,

anesthetized with sodium pentobarbital, 30 Electrical activity was recorded from a flank

mg/kg. Pressnres were obtained with Statham muscle of the dog (biceps femoris) and from

pressure transducers and recorded using a San- a muscle group of the forelimb being studied.
born direct-writing recorder. Heparin sodium, Stainless-steel needles, placud longitudinally in
3 mug/kg body weight, was used as anticoagulant. the muscles 4 to 8 cm apart., were utilized. Lethal
Ten experiments were completed as follows, amounts of endrin insecticide, 10 mg/kg of body
Pressures wer- obtained from four sites along weight, were ir fused intravenously at 0.5 to 1.0
the vascular system of a dog forelimb using a ml/min. The ethanol solution contained ap-
modification of the -laddy teclnique to seg- proximately 25 mg/mnl of endrin.

* with ni asmmimanep of n. R. Ilopla and C. v. Gll. ** Obtained from Cutter Laboratories, Berkeley, California.



Five, innervated, isolated, dog-limb prepara- blood p11 from 7.21 to 6.67 and increased hem-
tions were prepared as described above except atocrit. Respiration was spontaneous and essen-
that the bone was severed to allow continuous tially the same frquency as the convulsions.
weighing of the limb with a strain-gauge weigh- C. Denervat,-d forelimb experhm.ents. Figure 2
ing device. Changes of limb weight of 0.1 grain shows mean data, with standard errors, before
could be determined accurately."l Animals were and after endrin infusion. Limlb-vascular-resis-
pretreated with the muscle relaxant succinyl- ance increases were similar to the innervated
choline (chloride (Anectine, 0.5 mg/kg body group (Figure 1) for the first 10 to 15 minutes
weight) to prevent convulsions that interferred after endrin. Beyond this point, limb resistance
"with limb weight measurements. Additional increased steeply to high levels, most of this re-
succinylcholine was given as needed. Respiration sistance increase occurring in the small vessel seg-
was accomplished by means of a Harvard con- ment. Limb blood flow decreased from 28 to 2
stant-volume respirator. Endrin inecticide was c/mrin per 100 gin. Electrical activity increased
given, and all parameters were followed for 30 from a mean frequency of near 0 to 160 per
minutes, at which time the limb nerves were minute in the dog flank muscle but did not
severed. The adrenergic blocking agent, phento- change appreciably in the denervated forelimb.
lamine (Regitine, 5 iug), was then injected into Systemic arterial blood pressure increased ini-
the brachial artery. tially and fell subsequently as in the preceding

Ten control experiments were completed in group. Blood pH fell from 7.25 to 6.69 and
which the animals received only the alcohol car- hematocrit increased.
rier used in the endrin-infusion series. Five D. Innervated, weighed forelinb experhnent8.
limbs were innervated and five were denervated. Figure 3 gives mean values, with standard errors,

III. Results. showing the effect of endrin on leg weight and

A. General. Severe tonic-clonic convulsions ap- other parameters. Arterial blood pressure be-

peared in all animals approximately 10 minutes gan to increase at about the 15th minute follow-

after the onset of endrin infusion, except in the ing the start of endrin infusion and continued
succinylcholine-treated group. Electrical activity upward for the remainder of the experiment.

in the (log flank muscle of both groups reached Blood flow in the isolated limb fell from 16 to

a mean peak frequency of 223 per minute 20 to 4 cc/mm per 100 gns of leg and total limb
:30 minutes after endrin. Bradycardia, copious, resistance increased approximately five fold, most
mucoid salivation, and hyperexcitability to noise of which was due to an increased resistance in

also occurred. the small vessel segment. Venous resistance also
increased approximately five times over control.

B. Innerrated Iorelilnb eaeperbnenti. Mean data, Concomitant with these changes was a steady loss
with standard errors, before and after infusion of leg weight (-5.5 gin) and increase in total
of endrin are presented in Figure 1. Total limb body hematocrit. Blood pH fell from 7.32 to 7.14,
vascular resistance increased from 2.5 to 4.6 a value 'appreciably higher than in the preceding
resistance units (mm Hg/cc/min) 10 minutes groups in which respiration was spontaneous.
after endrin and rose to 5.2 units by 30 minutes. Figure 4 represents mean data showing the
Most of the early increase occurred in the small effect of denervation and adrenergic blockade on
vessel segment (small artery to small vein), limb resistances after endrin. Sectioning the
while the arterial segment contributed the major nerves to the isolated limb at the peak post-
resistance to blood flow during the later phase. endrin response resulted in an immediate fall in
Limb blood flow decreased progressively from total resistance of five resistance units, and sub-
approximately 20 to 6 cc/min per 100 gin. Mean sequent injection of phentolamine dropped total
electrical activity rose from near zero to peak resistance another five units. Most of the re-
frequency of 284 and 435 per minute in the dog sistance drop was in the small vessel segment.
flank muscle and forelimb muscle, respectively. Limb nerve section in control experiments de-
Systemic arterial blood pressure showed an early creased total limb vascular resistance approxi-
increase but decreased from 20 minutes post- mately 100%, while phentolanine injected into
endrin until the end of the experiment. These tlihe same limbs did not appreciably affect limb
changes were accompanied by a marked fall in resistances.

8



C'ontriol experimenplts, ill which onlly alcohlol was ones at 10 to 15 minutes post-ondrin. The
given1, were vompleted for till of the preceding differenice in these groups is prob~ably clue to the
grolips nud shio~ved n1o appreciable ciainges front high level of muscle activity in the innervated
baseline levels, limb and subsequent high local concentration of

IV. Discussion. vasodilator metabolites that. antagonize the effects
flestilts front this investigation shiow thant fore- of sympathetic nerve activity and circulating

liiibi vascuilar resistance increases miarked1ly' with-. constrictor agents. Ithas been shown elsewhere
ill it feiv niiiiiites aifter iilitia11veliolns adminlistral- that at slight local excess of metabolic breakdown
tion of lethal anl~iounts or (eiidriu iiiseeticidt'. Most products causes anl active decrease in limb resist-
of the total resistance increase is usuially inl the anCe, i.iost of which occurs in the small vessel
small vessel segment, of which t~he arterioles con- ?eieit
stittute the major resistance to blood( flow. B. Meehan~xm of vascul~ar flhfld Rhifts. The dis-

A. iichan.'~s o IYWU(U e5;htf('Cehaqes ~ proportionately large increase in pre-capillaryA. leran~nyxof a-vithr evtanc rhage. Imt re .sistance comp ared to the increase of post-
veils is rnot fora tyila hei large resio o istae capillary resistance and fall in limb blood flowvesl sntnecessary frtllagreiane should result. in at decreased capiillary pressure

inerase folowig edri adinisraton.The and consequent loss of interstitial fluid. Thisresistance patterns of the innervated and dener- is indicated in the last group of dogs, in which
%-atedl groul)s (Figures 1 and 2) tire similar for limb weight. falls progressively after endrin.
the first 10 to 1-5 minuites after endrin: however, Most of the early wveighit loss canl be explained
the exp~erimlents in which nerve sectioni and 1pheni- areuto

tolaniine~~~it iiec resun weeof)etdatra decreasing blood flow and, probably,
iolmidiae, that thenwerves canmacoute afoer acon capillary reabsorption. The lateýr fall in weight
sindirat~e flortioio the totesal resistncefo itcncrae when limb flow stabilizes appears, due primarily

sidrale orio ofth toalreintathe kidnceyate. to capillary reabsorption of interstitial fluid;E~arlier exp~eriments show that itekdnyte however, resistance continues to increase so a fur-increased vascular resistance that normnally occurs tlier decrease inl vascular volume cannot be ex-
followving emidriii infutsion is due primiiarily to eluded. Since the hemiatoerit, inereases, it seems

cireilatng itteholinin-lie agntsbut hat unlikely that heinoconcent rat ion -osults from loss
the nerves also play it role.'0  The observation o awlrfudi eihrls''!ea uceo
thiat resistance increases considerably more hi ofvscuaklidiin.ihea s lt uceo
thie (lenervuited 1limbls than the innervated is note-
wvorthy. It might be expected that resistance The development of severe hypertension after
ill the innervated limbs would increase its much endrin inl the nonconvulsing group compared to
as, or more thani, in the denervated limbs; how- the hypotension in the convulsing groups is not
ever, the opposite occurs. Recall that most of the readily exp~lainatble, Succinylcholine chloride
early increase in limb resistance in both groups is has no cardiovascular effects in the concentra-
in the small vessel segment.. However, resistance tions used.2 rlite extremely low p11s in the con-
in this segment begins to fall in the innervated vulsing., spontaneously breathing clogs, might play
limb while it continues to rise in time denervated at role inl their failure to develop hypertension.-- 0

9
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PROBLEMS IN AERIAL APPLICATION:

I1. Mechanisms of Hemoconcentration During Acute Endrin Insecticide Poisoning

I. Methods. tray to allow continuous weighing with a strain-

A. (Gencral. Ill 45 experiments, mongrel dogs of gauge weighing device.' Blood from the cut pul-

both sexes were anesthetized intravenously with inonary vein flowed by gravity into a reservoir

sodium pentobarbital, 30 mg/kg. Heparin sodium, and was returned to a cannulated femoral vein

3 gg/kg body weight, wasi usedi as anticoagulant. of the table dog by a Sigmamotor pump. Pul-

Superlethal amiounts of endrin insecticide, 10 rag/ monary-artery perfusion pressure was monitored

kg body weight, were infused intravenously at from the inflow tubing. Pulmonary blood flow

0.5 to 1.0 mI/min. The endrin was dissolved in was measured with a cylinder and stopwatch.

95% ethanol (approximately 30 mg/ml). The Endrin was infused into the pulmonary artery
effect of the ahlohol carrier has been previously of the isolated lung and passed to the table dog

tested and has no systemic effect on the measured in the venous blood. Any direct effect of endrin

parameters, at the rates used. Pressures were oon the lung vasculature should therefore become

obtained with Statham pressure transducers and evident before affecting the table dog.

recor led on a Sanborn dcirect-writing recorder. D. Venous-return preparation. In contrast to the
In all of the following groups, mean systemic other dogs, these animals received succinylcholine
arterial blood pressure and heart rates were o)- chloride to prevent convulsions. The basic prepa-
tained front it c(-aitilflated femoral artery. Blood ration has been described in detail elsewhere.-'
p1i was determined before and after endrin with Blood was led from the cannulated superior and
a Beckman exlandled1-scale p1 meter. Iemato- inferior venm cavae through tygon tubing into
crits were measured before and usually at 10- a reservoir, situated in a warming water bath,
minute intervals after emidrin using a micro- and returned to the cannulated right atrium with
capill:ary (entrifuige. Gross visumal and histologi- a Sigmamotor pump. The azygos vein was li-
cal examination of the lungs for edema was usu- gated. Total venous return (cardiac inflow or
ally made at the end of each experiment, pulmonary blood flow) to the heart was measured

B1. Splenerot;zel and ed anhax. ro with a cylinder and stopwatch. The reservoir

dletermnine wlietier hemoconcentattionl a fter ell- level was maintained constant with the return
dril is associated with splenic release of erytho)- pump. Small-bore catheters were secured in the
'Vte rich blood or if 0 hep'tospl''hnic pooling is pulmonary artery and left atrium through needles

rich blo splaemo ie throu imi' that were subsequently withdrawn, and pressures
involved, the spleen was5 removed thr'ough a imid- were recorded. Right-atriail pressure was recorded
line incision in 10 dogs, while total evisceration were recor ting.t- al pressure wasrec rdfromn the inflow tubing. Total pulmonary v'ascular
was coniplet,.d in 10 others. Endrin was themi resistance (pulmonary artery-left atrial pres-
infused into thies- dogs and was also givenl tofseh itoprthese cllogsn w aoi t SUre/pulmonary blood flow) was calculated at 10-
10 sham-operalted animals, minute intervals after endrin. All of the above

C. Dog pcrfu.'ed-hinq preparat on. In each of parameters were followed for 60 minutes after
five experi'imenlts, a table dog was used to supply endrin administration. An earlier report from
W0ood to perfuse an isolated lung. The pulmonalry this laboratory has shown the venous-return pre-

artery was connected to the femoral artery of paration to be comparably stable over this period
the table (log with tygon tubing, and constant- of time and usually longer.'
flow perfusion of the hlng was estalblished with E. Mean corpuscular rohime. In five splenectom-
Signaminotor pump. The lung was removed from ized dogs, blood pH, duplicate hematocrit, and
the donor-ainial's body and placed oin a plastic duplicate red blood cell counts were determined

15



beforr and 15 and 3n miznuteat nftrr r~ridn. Nma,~ uff ei4 ,ii*Z-&-c-..siratrd groujnipm g
cor urcillar volume was calculated bydviig 14) fill] iliiedwiiately aftiel lld~rilli ald voitililled
the percentage of rel blood cells per 1,00 nil of downward to levels' significantly lower (P<0.01)
whole blood by the red cell count (orythrocytes ithan the MAviii-operateil group by 60 ininutes
tIer .-Uhic nlifillnw~cr of I'l(od). post -endrin, liluodI 1111 ill the Ap1l~enCtosraized

dogs decreased fromi 7.19 to 6.00 and O.T1 at 30
IL Rkault& and 60 minutm~ resp~eeiveiv. after euidrin, blood

O'rieral etler46 (of endrin wrin in ali gt~otips jdll fell fromi of~ iI 6""5 ,41t, revpei't vrly.
ifielude seVerV torh.lnuOril. tonvilsions iuld ItYpIr. at 3l0 and 60 lullu 4tes twYAendrin in the eviAftr.
eciitability to uoise (excelit ill succinvlcholfine- AtV4 grSO111k 'll'v& 14ia~torrit iniureazws of thie
treated animalit), bradyeardia. copious inucoid slntoir' n .viM-eritted groups. arr not
salivation. decreased bWood p11, and junereasd s4igritlfcantly ditfervilt (S"% imnm'vil~ enlli) and
lieniatorrit as. previously rrportedA Ili~ologival attained a ralihce ,oxulitl hasrn high "iý OW 4oin.
examination of lung timlue inl nll grolips after opieratedi group l4ýt im-rvni.ej Ily W4 uilnuters
endriti showedi little evidence of piulmnuoary after eindriii. Thiis relat iowiuship wais 1ainitainfed
edema; however, by gross examination. some aq the lkennatto'rits romained relatively contstanit
lungs appeared edematous. Wi 7%ý aind Uirc hitreiva reslivetively) front

Weait values, with standard errors., of j1ereent :14.) to Wit) iiintei after endrimi.
change in hentiatocrit front pre-endrin levels and Table 1 siow-s the effect of enitrin ii on eun
systernic arterial blood prewitures front 10 spleaec. vit)rpuswilllr voluine, I lttt~rit, red-cell vonitt.
toinulzed, 10 evitweralted, and 11 Milarni Opeat ed p11. and arterial ldwnxl jpres.ure inl five splerim.i
dogrs receiving~ lethal amnotunts of endrin ar totutizeil logs, Arterial ltibsuil iiesure fell. -A-verv
graphed in Figure 1. Arterial b~loodi pressure of avidosis developmd. lienninttwrit izteivased, erytilroA

20 mhmntes after endrin but decren.sed steadily calculated wecan corpuscular volume inc reased in

7.9to eI shmowand 6roup faile to fal uinti ut" reyte Figuret rat gioe en datra,' with tly, ard ert 1w

tively, atrendrin, Arterial bloodx pressure of showing file etfert of emiidrin oi fip h table klog andl

TA&L& 1. Effect of endrin filmurnw voriti-Kicutir v,,Iunrw let sopipiwtoani dwm

'rTa..1 Att.r Atli' lict HVI t'
i*:j. X.U. P~drini (mint (14 arnl*) pit 4 % % to, tel %l Iat (CU Il

14) 7 7.31 45.0 7.8 AD.A
15 100 7.241 49.0 8138 6004
30 130 am.5 "410 IOU41 417,A)

2 4. 150 -.30. 3T.414lt i.1 43. 9
15 140 -1.3 37.5 fl.3 "A I
30 55 43.40 37.5 WV1 3.

3 04 135 74.34 31.01 flit 5 1. i3
15 15.18I 33.5 1.l1 ful.8
30 (4)01131 3t7.5 5.1. 411.0

4 0 165 7.32 4 5.5 4. h' C0025
is 17-45 7.3Z2 47.0 "1.8 48.7
30 IMW 4IM1 W0. 13243 ~ 1.

5 0 145 7232 4.1.0 7.1I 03.3
13 147) 7.32 40.41 6.5 11.8
30 100 (Ira 3(.0YU543

Av.rxg.. .fldrict ting"Ia, flu* (1 wLni Atli' . wan .$stricLa stnefta b"o~ pretur. 10.4 blood twrnulocrit; R((C erthrc1lq
cauut. I4CV = mean cor'puwuolake volume.
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imatmilt' lolp A! o-ei rtrri.,i bl'ntcd ;1r1.ý-.rr j int3half aif thi 1w L'i 1"4"1.l~ 14 atimi-

of tilt, tfihia' dIog t~rirl'41'414'ct, loilaoollw n t'ly 011drin mcurring inl hintat x~trli-opeirtteci dogu is
ji.mr oif clip i.-iiota'iI lolig iivn',il-Vd 1`11011 I0 provented by removal of the mplaom, indicat4n

t~ ~~i i, o I1~.'ph r ime otiei t d hot iorr.i' il hli :1 %:~JminIF K; of cell a'ielh h1 44)41 fromn iljletell
tiltill 10111oli~r) iiA.144111- r-iiij4t-1- i lre t-j fl.)W storage' i% rejtmiblrihe for an applreciaible portion
i- orlfilf. no iLuilg Yi '4 i& t tl' I'm t-kv1 it Slligh of (lie 'Ph mi(Wi'*I! '!!ct~ F 4'4,a toi. U k'lnI

ilev'elviiq'. I? ,v y.2 goi a-, jimllitrili ' lI' vrir e '. imp alNj r it iin ro -e 'o hor tim-liniIi."un4 Ali
i'liiei'ed 1 pvt'k illm're.w efl'i'ct iv 111'a,4i'ii forl ioikiaceita' illog fed Wlood vells

Flzuart, al idin the odwei ol4 tllhisl Imoho'mry 14 by rmirmsv,Ymstin of vasculnr fluid, but this
rr-n'ttminr. he'llitflN'iit. niii zyFvwli';l arterii blohod ;cx i11W sivuee~l (11£tit)ocl, ill fip wifjI ta~tjm 04lieliftitiii
pwmlar lit Htn vlIi-mms relturnpit j reJ att'tolt. Sys. region ast ev~identred. by this study iand in anothex

ivin4-' ane-i itt Wde"Plpri 't-muri didrit r~o holgv ri--port showring l44~i~th' evd iat to &.tIw 44 vmwoitittii
sigrlificaI",ili Y iv% :,it Imion thi' aft er i- tiiri ti wivle h' a,it er ill ,ýkcrihtl mitii itleIa ( Eniwit'n, T, F., Jr a, mid o
litiI itti i li lv ilm11i"4iiii rekal-4it i 'v Io e.'' from 111iiLi-shim L~ It.I .. subm itted ~ for pul ifi airtjm ) The

11.1112 t ool7 I b-111111#14-i1 itii'lo-`04NI 4 1111-tinlg 4huis poilimmar tittv w'ith'ilr bed is it jawtmtiljlP Aiite for lovit
Iii'liiuI firiili 14 "1 to Ps" 11111 iiii'l tibiiA'd 411 fliit of ''v''loilll' Iil.l itiut i'tiliiol lie exo'iudld ast beiitg
valise. Fr.'ie 20 to 4ii nintiome, siitir e'nririi, vs involved in tile pxst-endrin heniatocrit inerease.
teil ar 1 lteri'io1alivil' urs i i're i t ma rkedl m id Enil vent thiI gl hitng~ wright 1`01I ill thle 0411111 i' * er

(vil litoi tn vall' t mill oiwiva' v'ii rid by (4i) m~inl~lut' . foleri 1111g~.- fiill.% voo Id I w diue to pul loin lri V'ils-
lJ1i iii , tisi' 1111111140 fo l'ml' t-. 'iolut' re-W Vii Ir eiso~t rid jill folk l lt r re lease uf cateitt'Iio
Ut1ile'llthI'Vililte'] ill til .'it''ogg'l in lot. Till dev'i'ei.p mielitaIke agents into thle blood after etidrite with
Iloii'tt ofi extIri-'n i It ptiv osi' ', ii~ a10ft i-i emiritt 1 i i 'dIiS1iii'TH11ti Otitf ilINMIStI' 11litt' VO) 110W. It iN 11 iM)
I it'ew 411'' II 1111ii-tli l i mii 4 14 lii t (110i1141l1' lm).iMI I tht'II11 Iii ithese' t'% w itients it 41 1 ao m~iti~tlint

vulsinlg) %vas ak col4istehat finding and is in marked jpre'capiillur3' constriction ocurred, and effective
"'alit riot? tt lit' 'the ary ij44Ittienioi~ll the lilioiililit M'Apiiry lilt rut ion decreAse. H'owever, thisi con-
ill ti-lilvil -'.01k% itjl si.;1 tir i'e ut pre vi-iiiii-1.' Th is diit ion, ota* PXW4 u~l ly iillii (Itle 1092oat40l1(' front
Q4rik log diff~'i-ri-mvi s' not lul l'ii ily exait iiiililr lilt( tlkP'11t-111it. ill Uitiii'I llniola10111ry Veinl tor iket Ie'"

loll' 11V ii'Iot i'i 910 lilt' 11biV 401.' 'vll' 31ilit-ij' til..t sureC im always zero. In the venous return ax-
'li'i'i'l11t'. itl Ill Vo I'lV1114ligJ~ dIIJ% Ol tit hIlk tol- plerimnlits. left a~trial premur~e increased to a amai-

in fihe sainte vt'4notuN return aitmnals of Figure 3. fly atlii~i-, thait pladioluary edenua results %vheui
Caria it illtm 111 pu(lmomiii b111I lixid Hot%-)a' ) -em ~ Ilmbomii i vent~ito hlre.,ure appjroar.lws oir xvd

tt'ilii To? toi s3. v'i' mill pWI* k- fdg 41 liAII~' 141- W' luitnnl(- 'iu141 4 PI0 Cjre.Spiurv, %vi jlic ii teraltgl

after lw' 'idrin oit- previousIly jti ivii' ii-rtd (HIS~* i, 1). 11111 no ig ill their s'tudy" Aauailliag the-Ne

A fteyr 401 ilittll!tet, 141144 olll- II i' il fimii 14a Kgl b.111 "Il' t'~ wrmit Itsl loom niiit it it' appl3roacheltd or ex.

the experlimnrt's end. Left atrial. pulm~onary- tOf Imoonr ra4t'ila atrpr$1'l -c
ar-tery'. aind right at rial presmure inreastex mark- Ant e'illiur rt'tiori from t his hailorm;i~ryl demon4l.
edly by 2o) miluut% ps It -encrin. %trl'd 0 il IO '~44 marke hiviva 't' iii erbri tt'iiis at Id

et~eli41111j1 fluid10 lirt-istre aftier elturiu, whbirl
Ill. iSCUWOR.suggests the possibility of vascular fluid loss in

in cryl hrtx'to miii and or an inctreilse inl erythro. of pidnNs~ .iit mter is" thiroughl lilt' kidney Sevoit llrly
cyte canetrat'itit 00 The 'onlcen~tration of red it) l14ill'it'4iovivam oriiie rlia'rtt if emidnin loot till

blissi 'ilkiim 44 inoirl'444t'hrough tit) lo- of piiiitln earls diuret ic eltmi.', Ilowvever. this possibility
ta'e ii''4144 t iti it 'I%111-f filtration 0011 (I liltit iol (if huts1not beeni flthkjit intl e'xplored.

"a' 11144' t o t OtIitll'p 'I i tt 11 ig liii 4441 Vi l 111111 or Till, oit ftIi tl' tltit' 1'li' livi' 0' ist Alolt I4 4111btta
I t L J Olli hi 14llollu lit t ti t iia . litot ill Sh "tat Ill i IIt t o ti l~l iet-jlt' -1't4 lit'mitt wii su"01 ittii via~~~'l to lilt illt-
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e'tp.V41~ prl'ttlrfh'iie kiW, dui, tt thr 11nlmilirgpr in re4 cell size. The number of red blood Mels
(11jt'irlIwillati.) S~hi ft. .\ltll,44lAl4 1IIII1to peru~n mwt rtI, miiihnwoltw -4 11*i4 ai1w~ lucrca~d in
liii' vililtii. Il NIV ii'ii inll i1i'm mimfljýi1. it fminr of fivot iSxlrimentsiJ, which %uggrat mitne lviii
it' difficult to liverjt lilt, ill-tiol lill 14,1141 i ai. uih of plasmsii Nlit! fromi the v'nucular comptirinhent
giCvat i5411r4imi'. hliv ithi'ti~i v-iti ill viminiu'& nii discuwime in pri'.e~dlig pariigraphr,

ritin tif mttIlht which i.. lit.-tuitll' tit valk11iit.* li llw l (ti 14 spL1eir(ul ,i tleriM blikmi pf~.tssurr

F~npirip arv uwd' and vain lic, isikeir, Holmcer. 1w- ,iitriil Vilt Id~t :oia l4!v44-tt wrt'14 rip-

the trudstincy for 3fCV to incraiwi sugg,-tsI thait vatvd by -)it ini ml e. p.4A.endrio drinauktrates &L
%QtlW oif ( lie unwone' tetd ti~i. in Iii'nmatocrit ini faiin sg wicat. A pqwsit,tt' vrthi'i. fir iciion of ctidrim

SPIM4140hitA111 gCI i[4 litriluAOIAli to Rif 14wletahe llilu'i ~iktlIl~tw imvt'.4tiphtion.
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ENDRIN VENOUS RETURN

45-I

3s-j

is-i

135-

'75-1

13

4- +5 + 1I

Flia1,l: 4. MN Ii1 valurg a-ullil' tu Pr~ijtrs fruimi ltive vv*uuu% l-uru liii ' ~m*I* *I11t 4 illuW thisili Ow 4.ff441 I, tntriiiyIiuu:4 ('11

tr~neutm wt ihi. Iia itumiia rluimttzt Cicliit~ti iIdr01111e. F1-ii11h illtii.I..: hegull III Zt4ltI( tihui.



PROBLEMS IN AERIAL APPLICATION: levela Release

IV. Effect of Endrin on Venus Return and Cateeholamine Release

L Introductin. htth artery and vein at itb,. times for 111 and
ltypetieiisita followed by hylwlteiuiun and (O, deterinianlitii. by the method of Vast 4lNyke

dentilh haivc lsei .lireprted il udog" poi-Aiuled with and Nei:.' .t the end of the exlperiment, adremll
endriii.' I The purplse of die lje.ýwit study wits glands and tissue from tle left ventricle of like
to exilnlille (l1h11ingis ill ,a-i(liat' 4,114)lt (veliolls heart were quickly rhinove1i - and frozen with dry
ruturn), total lwriplwi-:il ivisi4uimv, awnd lltsian ice. Estimations of epinephrine (E) and nore-
iald ulz-"-i ,'techilanine levels its relhitel to the pinephrine (NE) were made by the method of
.ievelopnelit of hyjsarltension in dogs ntttely [Xii- Anton and Sayre" using the Aminco-Bowman

Killed with endrin. Studies were lierfurnnd inl spectrophotofluorometer. Recovery was estimated
totally perfused flogs in whiviih cnditions of with each set of analyses by carrying known
1,n'sile anId flow could be c,,ll iulonsly nionitored amounts of epinephrine and norepinephrine
:1,10 evial lited,. through the entire assay procedure. Mean reoov-

11. Methods. ery values were 85.26% (SEt:-35) for E and
Experiments were performed on 50I adult 1101.. 73.85% (SE :±:t2.64 for NE.

grad dogs of Ix:th sexes. Six dogs from the mntait A toxicity study was also made with 24 dogs
group auicl five fronm the eviscerated series served anesthetized with .odlium pentobarbital. Endrin
,is (oi, rol aninials and were treated as experi- was given by intravenous injection, and survival

laenltai~s except that they received no endrin, times were noted. I)ata front six intact control
'onvasitins ordinarily resulting fromn endrin in- dogs indicate that the volume of solvent (ethyl

fusion were prevented by iiamobilizinjr auinais alcohol) u.*! pr, w"I no eleet on Ieatil

with suclinylhohline chloride as previously des- paranietera,
vribetd.? Intact dopsn4 wei prepared its dt-,'rilw! Previous studies'--' have shown tht a umaxi-
by Weil, et al.,' in order to- -meas.re-total mum response in the parameters of interest in Whie

st udyvwasachievetla ]iglia eiidriahl 1f_
venous return. Pvis•enition wa. tdoiie in one
series of exierinients." Endrin or a solvent blank agkg. Where applicable, statistical significance
was infused into the reservoir after a minituna was de idy lyiaig the t" tet toh
aquilibrat ion periodl of It) aninules. mean of control and experimental values at a

Polyethylene catheters inl the femoral artery given point in time.
and lprtal vein were connected to Stathain pres- IlL Results.
sure transducers. Systemic arterial l)ress-te Results from the various measured and calcu-
(MA'-) Iand heart rate were recorded on ta San. lated parameters are shown in Figures 1 and 2
born direct-writing recorder. Portal vein pressure (intact (log) and "3 (eviscerated dogs) and Tables
was also revorded front intact aniaaals but showed 1 and 2. Control and experimental dogs were
1o changes. treated identically until infusion of endrin was

Totia venous return was imeasured ditectly with begun. Data obtained at these pmints were piolfel
it graduated cylitnder and slop watch. Stroke and used as pretreatnment values in the figure&

,'olume and total lwripheral resistance were cal- A. Intart dogs (1(1 exlwi-ure•tif•l. 6 ronfrol dogs).
culated from Measured parameters. Bloo1 d samples These dogs reslonded to endrin with a decreased
for determination of pH, hematocrit, and cata, heart rate and increased SAP. Venous return
cholamines were taken immediately preceding in- increasedl from ak ineal of 3 jnl, ninikg in the
fusion of endrin and :30 and 6•) minutes after contro). period to %9 mni, nin/kg (P<tt.01) durbig
infusion. Bloid samnples wen also taken from the .30 minutes. uotal peripheral resistance
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CTPIII increaspd slightly ia control dog.~ "~d TAM.?: _ Tuii11 iif nui:Iil girvii 1ihia1.CwU~-.'4 to~

At tilie elid of 45 ai maltes IFigure 0). 1 liiaatxio-it in 5 11m) 2.11 ± O.rTh
1111di jltif't i r ilaied I&IIt ively uuIisttiiit. 1 IIM 2. M) I- a 1.21.41

)i III nj f ile firs 30 11mlte- ox %1el 11~'li ; (aeJLi- ~ 38 i2.li±s

maim iie cii amit for ex per i mntil i mankmtit', t I en
edfrenPul fromt 4.. 'j to 2.) l min k- ! nt (P imtfvtc~ IV, Discussion.

I'1<4l.21l. th)vgm tia ptake for va'nhitrtII dellon- Imac-reaseti %ytrznit arterial jimotres ham litis It'i
strated an over-all decrease as comipatred to zero reportlle is lil earirv effevi (If it letiami dlose of
f i file emadriti administeredi to~ dogs intilobilhted1 withI

E p~lasma level increaised sixfold ait 30O minutes miivinivlehlolitie {laloride,"I but thle tieclimiiii'i of
to 4.7-fold tit (U)i mhantes, (Figure 4A), Wl1IViA-s f hiS effeCt lils 1101 Well preViOusly Q111641111,041.

Nk. inereuya+d femifoldi after 641 mtinutes (Figure s~t uies with thet chilorinaitim hYdrimit'rlsni DPT,
411). No .4ign itivaif i cliting"i.t inl plaiksmil levels of iit rel it cii i aseet ivi'll, have ind1111 t'lteil Iili tt )ilertelml

Por NE, iN'mmetrrel in conmtrol (logs duriiig tile 1114 levels of c'ateclillamiiile tire it fitatot inl tile lethalm

tnitiimikes of oloerviation (FI.iguares 4A land 4 B). cidomtamiIeffects of this coullpolamd.'.i Ill
Conenitrait ion of elainep~lirimie dimiinishied in aid- t his stutdy withI eiidrii, elevation lollf lx~tlm epille.

rentali g~lands. No chianige il catechollamiiine cola- plArilie and imurepiineplhriitie levels. mand roml
centrations occurred in cardiac tissue (Table 1). lilllisylnpmtlirti(' iitiviitioli,0 intake' it ulilkietlt to
TAMIX. 1. Tbusta.itb PP~ i f ..phaepihrimii 1111( iiiiephiephrlni'. evaimhiate the eximit role of the mit evhlola))inles Iii

Eplaeptimriie forpeplll-iraie the cardiovas'lmlar effects of ukth iiisompound. The
Control* Treahd Vountis~u Trratid high levels of ep~inep~hrililan ild iiorribiliel)Iarine

Adromlatm (W 811.01 05 11 fl.Tt (4) l3$i 4T5) 1410. folinld atre probaibly of salitllaielt muagnijtuide to
pic/pr tS ±1 t53. 4 ± l2..5 * 30'A : 2:1.4) cuell eesdSP ho-iicesdvr
Hteart (4) 0.1158 451 40.11 (4) 0.541, () O.5 e~ii a lceie A~truhI- cesdc
Ag/gin ±.1*E ±0.11"I ±tO.OD5 ±0*O074) ±OJ5 calmat lug b)100( volume. The high levels of epiuie-
$ Numgiber of m~itimAl. xgvot fit PBIaretbwmL Itlrime tire, malplpreult Ilv, not p~rodmicii3g tile Chianges
tDiftra fronta~mi owto at 10<.1 level. ill heart rate thalt aulght 1W explected because of

11.Eri*reatr dox (re ontal afox. re x- n overriding effect of cenltral nervous system

11. r'imee,*al dpg qs Heart ratederemselotN fill eaot stimiulationi or carotid and cardiac reflexes.

conroni/l lad ) experimrental (logsofe tils grotp. Pressuire ill Ii elosNil sys1tem is directly ' 1rolxir-

Ti'oile drmsind exjeriiietttal d logs ofths group.e t jolal to flow anmd re4stit meme of tlip lvstetni. Allv
Thedereae ii xlerineittl ogchangerete in either of these latter nlrerswf

thl htof tile controls l'1<6.045 At (10 mililittes). ~ i itneikpesr.IlIlrleeswl
ShAPi othaqeietLo,,--iirlwI b .ta fet t-it hagiil1wsge. l the lImeselit study,

-of control dovs affer -20 milnutes and1( remained -venous rettur ncjlreaised withi comtesjllondimig ele-
eleate fo th dutio oftheexprimnt Fig vtiolt of cardima outptlut while TPR wais not

etied for. Stroe dourationeof theexprimen to (Fig- appwreiably altered f(P<il.2 ait p~oint of greatest
mir :1. srok voumeilaretsedfro~l to9 m uiv*elgen)* from controls). Evisceration of udogs
illexet-mieliahtiii~ttlS it20,25 and 4)Initles greatly diminished the increase an venious ret urn

(P<0).1, Figure 3). Venoaus return decreased in after euadrin, itidivatilug that the primary source
both conitrol and exlperimenetial dogs. Flow frontom nrae icltn bolvlm asvsea

oftrietai ilicrtmses diiffered ingxmal blfrontltt~IIL it-r
expnienal an mu)instmit d inutese l(P<0.2).hl fPro vasculature. The possibility of extravascular diun-

kg litr atiijtle alt U) imwl dogs (nrasl only.2~ 11 tioll wits not contsidered probable since the hemnaito-

k4ghl jinthe exptrof te e t ontdol incrieased (Pon crit tendedl to ihm(-reatsw even in the ev is-ellited dogs
slihtl alovetht o th cotro iathe~ P~t.2 whent the splenic stores of MWIC were remnovedI, mis

atl 60) militates). -41 level of plmtsnlil fromi exp~ei-i hats been repo~rted ill shl~electonmized dlogs, durinag
mlelititl tlmilttils dei'ieasedl timit l thle 14ll wits one Lactate eidlrili inatoxicatiolt.'
p11 unilt below that of conitrols (P<0.I ) tt W Isoltated liver studies lowie demniastrated that
)ininurtes. Ilellittocrit inicreatsed only sulighit ly iii iljeeted elmte(-lolailiniles cituse thle orgilm to (lis-
h tis group1 o f dogs. chairge stored blood," l and spleitic vontat et ol) has

C . Tox~rdiy study (;e4 th. Restilt fromi thik al~so been shown to be c'ausaedl by incrrealsed levels
stud t~l ire. presenltedi ill Ta'lble 2 Mandll thle of ep~iiephrine Mallt noreli~ieplmrine." The level
LD,. to be 5 ing/kg. of these substainces inl the eircuamtitiag jiltsnina its
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f'imiiii Mu tw jw4 !-o -4Ii1iii i pre-itiw.41 ,bwgiitit 4f( d'w4 ' 11'"41' Will 4-11rl i'~dr 4 10- 41VG1W tlirV'
to1 4'iniZs thisat M 1f 1) An in11 t-awd4 Inei')wilt,' of flip high planinn levels of t his honnone. The

.% t lli ghV 111%114 114. l I.-jI14-Ivto4 1 -111 . eIII I 01PYI 14tY 11 Ie~vte of inorejim-fplhrint in tile adrenalu did not

uptafI1ke aift er enraii iwiae ;I le!n avtivi tv. changet~. wid epinephrine uand norepinephririe lev-
I )ej deiol -i*f I' 1 lsiephl-me 'I 'I)jI II i f tile licin-ii tII els in t he uinvocarin r itl rminikned unaltered.
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PH',BLENIS IN AERIAL APPLICATION.-

V. E-;rel~s, of tiw lnarcticitir Endrin on the Cardieveacutar Svotern

1. Introiluetian. The fitnn. experimental preparation was one in
Arille andi c'linmiroe'ctt~ts of lthe chlorinated h Iichit otal venotw return wani '.ontlnuously

hydrovarlton inwevt ivile endrin in dogs hanve twen 1,ten1srw'ct. and cardiac inflow was adjuste to
prviously reoi(A, Id. Evdec wu prov1ided cqunil i enotis return., Animanls were inspired by
for an it iniia at-t ion of etidriin on the central inenns of tt Starling constant volume mepirator,
nervou% svsqtet withii qa tiwistsent stympatho. and the ches! was opened by a inidsternuni split-
adlrenal discltnrlz.-2 Syvstetmic It% wr lisiol with tittg irsion. rhe right atrium was centnulated
inurked bradveardint is ani early nmanifesation of following heparinization (3 ing/lig) and ligation
endrin pnsiioning.' -1 These previoust studies in. of (lie azygott vein. Th ueirand inferior
volved either nulitiple injection& of stidium lien. 1t'ttt (itrive were %epaflitely rannulated and
tulnirlbital or titcnlhltechloride (or lthe pur. clntinediiic nto ani external reservoir placed in a
isse of vontroliiig. votivuiktiotut during lthe rxd water bilth to maintain normal blood tempers-
endrin period. The liirixxs of lthe pre~sent in- lure. B~lood was returned from the reservoir
vestigntiott was tn elalrnrmte further oat the find- to the right satriunt by a Siginamnotor pump man-
ing;c of the earlier studims fly avoiding the re- tially adjusted to maintain the reservoir level
peatrd use of harh3it~umtes or muscle relaxants,' "i ntailt (veuous return equal to cardiac inflow).
jutoitbie eirtecIS (If fie.A ag(IIISin 1110dcif~'ing the Curreint unpublished work in thfis laboratory has
vartliovazwtlur rtespotises It) enkdrin were elini- sh~own insigniflicant volum~es of blood to be
hitedc~. The effects of endirin on the heart, pul- ljxleti itt tho pulmnmiary vircuit after endrin,
anonary bedl. and systemnic circulation were the weight of the perfused lung decreasing after
eculitateti. iand Owhi.rle of the udrenal glands in "Cfltl.- --Vadifttf inflow. i -aeasured -when-the
the e-arly vasculair response to endrin wtts de. Itlood-rt'scrvoir level remtained constant, w~as an-
terumined. sunwd equal to eardiac outphut in the present

study. All cardiac output data, therefore were
IL Methods. derived fromt flow rate into the right atrium,.

Severul CUrdiovasetilar experiments with the Total Perilpheral resistance was calculated by
c-hiorinnted hivuriwar-lxn inseticide enclrin (1. 2, 4lividing mnean systemic arterial pressure by car-
3. 4. 10. lf-hexatchloro-ti. 7-cpoxyxv-. 4. 4*. 5. 6. 7. diac output. Pulmonary vascular resistance was
K, i. -laocttnhvtro- 1. 4. eatlo, eacLo-', 8-dimethano- eal"Iulated bY dividing the pres,,tre drop be-
itldthaleiwý. obtainedl from lthe Nuttritional iBio- tween pulmonary artery and left atrium by
dienairtl ('orp~rit iont. ('lovelaind. Ohio) were' per- pulnionary blood flow. Control experiments in
formned on adt'lt mongrel dogs, intravenously whitich endrin wa.s not given, were performed
anesthetized with ticediunt ImtoltarL~al (30 rug/ hi till instances. Left and right atrial pressures
kg in body weight). were ineasured in both the venous return expetri-

Previous; studies wvith endrin employed super. itents mind in th- isolated heart-lung preparation,
let hal (lows of endrin.1' I Initiil survival experi- irevv.ionsly reported fronm this laboramtory,' and
mnientts on Jiogs have bievi performted to determine aortit prMS1ure WmJ. mneasured.
thme hose' of endrin to he empl~oyed. Results of A ineactbli' t -nimiat ion was performed in which
tlteic art, shlown in Tawle i. t dios of :1 ng,-kig toxygen iiplakO .And carbon dioxide production
waS selected to be inj~tedI intravenously in till were determinedi after rudrin by the Van Shyke
exlwrititents (etidrin dioi olved in lm¶ý- ethanol, inuationetrie proce-dure untd iii selarate expert-
-N) inig'uil). timentS followAinjg ndtmtittiSta-tion of 100%' oxygen
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during the entire post endrin period. Samples all experimen'ts. Therm was tno, usistenit corre-
were c-ollectedI in oiled svi inges froni the femoral lation between the onset of vconivulsions and the
artery cannula anad fi-una the pooled venous out- onset of hiernodynair - tlt rentions inl -ll experi-
flow. Oxygen uptake wits tOwn calcutlated from aleats.
the ANV differencve using the mecastired outflow 13, Cal ';Ponaiy IReajwuasgev-Figtire L' pro-
(cardiac inflow) tit that titiie. sents fir, 01 the effect of etadrin onf thfe p'i.-

As previously r(,lotd,1 pH was found to be muay vI.es n umonary- -,s:u
decreased by endrin. It was thought possible that r.ittc. 11ure pumoary aren piieula

chage in 14 1 performied a role caus1.ing Con. increases s iA untly. pulmnonary resist.U."r is
vulsions sen *n endrin roiFsoning. so the organlic relatively 111w, oIged iecause 4f the large- in-
amine b)uffer '11AM [Tris(hydroxymethyl). Arae in puI~ln()iAry b)1004 flow (Figur. 1).
amiz'o m1ethane. obtained from Abbott Labora- 'Mean left atrial pressure increased mrkziedly
tories. North Chicago. Illinois] was infused as an w~ithin Ito :iniutes after endrin injeclion asshw
isotonic solution (361.34 gm. 1) ait it rate that would in Figure .3. RigHt-itr--il pressure remauined 1ev:
mainii~tatin bloodI p11 constantfl.Te average vol- throughout most of the experimental peri-d.
unto of THAM required by the end of the Go- Cardiac standstill occurred in sonie experi-
minute period wasb.5 cc 'kg (SI) ;i4.3). muents in which endrin was given, atad the ex-

Heart rate. pH. and hennitocrit were measured periments were uieceý rily terminated. The most
in all experiments. I'lasima total caterholamine critical period for (Ic lopment of cardiac btand.
conceatrations were ass~ayed by a sentiautoniated suill was observed %%ithin 25 to 30 minutes after
fluoronietric procedure.4 Blood samples for cate- injection of endrii. and affected about 20%,' of
chalamnaie analyses were withdrawn tit specified the dogs used. To determine if endrin has a di-
intervals durivg a 1-hour period after endrin rect action on the heart, at series of experiments
in intact itninials and in bilaterally adrenalecto- was performed oii isolated heart-lung prepara-
minied dogs prep~ared ats p~reviously reported.0 tions, in which the cardiopulmonary circulation

Blood pressure were obtained by means of ves- wa totally separated fromt the remainder of the
sel cannulaittion in connection with Stathanm pres- dog. Details of the experimental preparation
sure tranisducers, and registered on a Sanborn have been previously described.4 Ten experi-
multichannel direct-writing recorder. All cardio- ments were performed at ain estimiated endrin

vascular experiments were of an acute nature, doap of 10 mjý/kg. based on the weight of
terminatiiW, 1 hour after endria administration. lwat-flutig dog. Results from these experiments
11L Results. are seen in Table 2 and indicate that left-heart

A. ASY81sende 1'a~scuar Raesponses.-Figure I failure has occurred. Left-atrhil pressures rose

(all figures and tables are in the Appendix) to high v-aues after endrimi injection, while right-

shows the changes in aneaul systemic arterial atriaul pressures remained low. The more sus-

pressure, cardiac inflow, and total periphaerall r--- tained elevated left-atrial pressures ween in the

sistance within 1 hour after intravenous adnun- heart-lung preparation uinay have been dvec to the

ist ration of 3 nig,'kg of endrin. Six control higher dose. Experiments on the totally isolated

animiials, not given endrin. showed relatively heart support those on the intact organ inasmuch
stadl valus (luinits effects are similar though occurring at a differ-

staOlevauesdurngthis period. Differences in
measured or calculated p~ariiameters were evalu- *uit time interval.

at ed for significance ait I15-aujute intervals after C. Mrtcabol~r Ruespon~e~.tExperimeflts were

injection of endrin. In seven experimental an- perfornied to determine the effect of endrin on
inials, significaint changes in venous return (car- oxygen uptake and carbon dioxide production,
diac inflowv) and total peripheral resistance were and results are presented in Figure 4. It, is seen
observed within Tfi minutes after endrin injec- that control animials show little change in thewe

t ion. A marked rise in cardiac inflow wa-Is 01- paramuueters, wvhereas injection of endria, results in
s-ervc-d to coincide with at steady drop in resist- marked increases iii both oxygen uptake and car-
amice. Mean system ic arterial prmsure remained hon dioxide p)roductionl. Oxygen was continu-
fairly constant. C'onvulsions beginning within ously (lelivered into the Starling r-espirator from

S to 15 minutes after injection of endrin were zero time to the teriniautioa of experimients in

obsvrved, and extensive salivatioii was seen in the separate study depicted in Figure 4. Results
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show that both oxygen uptake and carbon di- mally observad in animals given er.Arin alone
oxidle prodlurion are increased with oxygen &,I- (Figure 5).
niiiiiistralion, Afein HIQ values, however. remain
rvinltively unchanged in, all experiment&. All dogs E.dea R Th_-pon-Re.-Previous work sug-
given endriii convulsed strongly. There wn no gest ed pa rt icipat ion of the adrenil medulla in the

ap~etdifbrentv in the depgree. of CWcnulsions vawu5 respowse to endrin.2 Experiments were
%en in aniimals4 in each of ilie experimients shown therefore inelouled in the present study to de-
in Figure 4. TabMle :1 presents the mean arterial. ternaiine plasmna total catecholamine e~titentra-
mid vomip-blood cancentrations of these gaes tions in 281 dogs given endrin. Findings are pre-
and it is seen that arterial and venous concentra- seti kiFgr )0Cnrlepriet si

tions, of oxygen are very low within 30 minutes inals not given endrin) showed statistically in-
aftr edri, vnats rtu-ittatins mrmingto significant changes (11 > 0.10) in mean plasma

2 vol 5'o With oxygen administration, only drin alone exhibited large u.zan increases in cate-
venous blood shows a drop in oxygen content after hlmncoetrinfomestan4pl
endrin. The arterial concentration of carbon di- cof lasain toncvenrato fo less tha > 0.0) b/th
thie afeno ,cnentraion is seene at 60 miue. whle ternfiiatioii of the experiments. Increases ini
ineidentall foundenthatio reial blonodvr.I a concentrat ion were significantly depressed, how-

incdenaly fun tht rteia blodwas capable ever, when p11 was maintained constant by use ofof taking up more. ox~ygen if it. was equilibrated THAX values approximating only 10 Og/1 by
in a tonometer with room air, 00 minutes after endrin (P < 0.05, compared

Acidosis was observed after endrin with pH wvith animals given endrin, without THA3M).
Increases in catecholaniine concentration were"-alues regularly below 7.0 at 60 minutes Post- somewhat less (43 pug/1) when oxygen was ad-

endrin. These data are seen in Figure S. Infu-
sion of the organic amine buffer THAM main- ministered with endrin, but this difference was
tained the p1l constant, but oxygen adininistra. not significantly different from animals given
tion had no effect (Figure 5). pH was weU endrin alone (P > 0.10). A series of acutely

mainaind wth TAW ut hangs i heno- operated bilaterally adrenalectonised dogs was
dynamniv parameters were in the same direction given endrin. Values of caterholamine were low-
(Figure 6). N~either oxygen administration nor est at zero time and increased significantly to 2.6

'~iIM *fuson lteed cangs i men ss jg/4 by 60 minutes post endrin (P < 0.01),
temi arterionaltlieared caltnghs cardean ss Ilemodynamic effects of endrin in adrerialecto-
(voxiouarterial pnressued withog cHarda ifuson mused animals are shown in Table 4. ResponsesF ~ ~(F'igure 6S). Large volume (app-rximtely in ardot-swithnifcntlyt adi~renalomlan os. band_
ec/experimnent) of an isoemotic solution of THAM inogwthnacadnlgads___
were required tomaintain pH normal. This was IV Discusson.
cunsidered instrumental in lowering blood vAs- Tesmayshmasoni.iue1
co,,ity and increasing circulating blood volume, Th su ar ceahoniFgre1
which would pirobably effect an increase in the helps to evaluate results obtained in these experi.

card.' nflo (se efectof TAM n cien- ments. Endrin injected intravenously at a dos-
lating hematocrit, below). ag! casn death in approximately 75% of the

animals appears to have at least two actions., one
D. Heart Rate, lienmatocrit, and pH1 Changes.- on the cent ral nervous system and one on the left

Figures 5, 7, and 8 present data on hematocrit, ventricle. It is not understood why endrin has a
p~l and heart-rate changes. There is some evi. damaging action on the left ventricle while the
dence of brudycardia after endrin, which is niiti. right ventricle appears to be unaffected. It does
gated by both oxygen administration ond THAI! not seem feasible that the lung would releaae
infusion. Hematocrit ethnnges are insignificant an agent in response to endrin that would have a
in all instances (Figures 7 and 8) but appear to depressant action in the left -ventricular mucula-
fall with THAM infusion (Figure 8), presum- ture. Results from isolated heart studies do tnot
ably because of the volumes of fluid required suggest that increased cardiac work caused the
to maintain pH constarnt. Administration of left ventricle to fail, since both cardiac output vad
oxygen had no effect on p1H changes as nor- aortic pressure remain constant after eudrin.
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The presence of tiulnonaryv hypertension would Heins and coworkers' have shown marked renal
apply a greater stirr~ to the right vmeXriele. Liut, vasm.riction, adici threfore elevated resintance
even in the face of this. right atria) pr.: -sure re, in the rviial lied in (top administered endrin,
mainet low. The apparent adverse effect of en- Results from this study offer suppo: -for an
iltin on the heart raisv% cotisideraticons regarding active participation of the synipathoadrenal sys-
pes~vible target sites of action of this rlass of in- tern as suggested earlier., The effect, however, of
sectividies Gowdey and co-workersIii. asert that greatly increased levels of eateebolamines on car-
effecti; of chlorinated I vdawarboik iii 'liclihis an- d i~m nutpitt at; Unbrved in the present study is
exerted through stinmulation of centrid tuechia- Wirprisingly neghigibiv. The litimoral action of
nism%. not peripherally. Iteceent work in this endlrin is apparently potentiated by acidosis.
laboratory has shownt that enclrin has no direct sAitie maintenanne ni Wlood pHl in the normal
vAs(-talar action on the isolated perfused liver: range significantily decreases tlip amounts of cate-
iieither hepatic-artery nor portal-vein pre',sur chiolanijunes, release after endrin. It does not
WVItV allt4-nd bky eHmlrinSfifl~iftf'l appeAir that hlioxuia is at stiimuhus for catechola-

A notable lesture iii the present studly was the mine release. shinm. administration of 1001%o oxy-
marked rise tin venous return after eiidrin. and gen does not signific'antly reduce lthe elevation
the question is; ratised as to the mechanism of the of circutlating vatecholamines over experiments
increase. Endrini does not have a direct excitant in which endrin alone is administered. The role
action on the heart causing its output to increase. of released catecholanmines in this formi of stress
thus elevating venouis return. The increaised vol- is unknown. since their circulation iii large con-
time Of bloCKd returned to the right heart after rentrations appears to have little effect on any
endrin originates primarily in the hepatosplanch- of the mieasured paratmeters. Centrnil-nervous
nie bed. since parellel experiments performed in stimulation appiarently accounts for the cardio-
this laboratory 'show no increase of venous re- vascular effect of endrin as well a-1 parasympa-
turn in aninmals with total abdominal evisceration. thetic parl icipation in evoking salivation and
The release of stored blood in the intact dog re- brarlyeardia. These latter effects have been s'--
suits in a continued maintenance of it high cAr- scribed by Enmetrson and coworkers, after injec-
diac output. Since the released blood remains tion of endrin and by Gowdey and coworkers"O
in the active circulation, venous return is contin- following the administration of aldren. Prom-
tially maintained ait a higher level. The increase inpumt ventral-nervous effects of the ehlorinated
in venous return is not induced by circulating hydrocarbon insecticides have been documented
vatecholamines. sinve adrenalectomy does no by (iowvdey and coworkers.19 Treon and co-
modify the response. The slight though significant workers.11 Arena.' 2 Bell,'2 and Conley."
elevation in lplasnia total catecholamines after Consistent findings in endrin poisoning are

1- __ -- - enri-- in ad-aemnie osige ts he -cdssand hyoxa --Marked -convulsaons -seen

active Participation of the sympathetic nerv-ous in thme present study may have interfered w-ith the
smystem. Releasing reservoir stores of blood could nornial respiratory exchanges of blood gasas,
result fromt a massive sympathetic discharge since animials wvill endrin exhibit cyanotsis. Alle-
that would atugiment the cardiac out put by in- viation of avidosiis and hypoxia ais performed in
creasing venous return. Systemic peripheral m- the pn-sent study had no efvý,ct on lessening the
sistance markedly falls w~ith endrin administra- severit of the convultions. The convulsions ap-
tion. which could be due to the marked rise in lpirently result from a direct action of oiidrin on
blod flow. Read and coworkersO using an open- the central nervous systemi.
(-)est dlog prtepa rat ion similar to that employed in
the p~resenit study. have shown total peripheral re- V. Summar18y.
sistance to bie inversely related to blood flow on Effects of the chlorinated-lo-dr~warlbom insecti-
a pas~sive basis. The dIrop) in resistance tin the cide endriin o%. the eardiovas ular system of the
presenit study could. th~erefo.'e, he p~assively in- anesthetized iio- Inive ieen stodi'3d, Results in-
'luced, resulting in part~ front a rise in cardiac dicate that eiftirizi may display Lboth central and
out put. Althoungh total vasc-ular recsistance repire- periphendi act ions. lenmodynanfii, alterations ap-
swemits ne't changes, in resimtance. sonte vasi-ular peart to result from central-nervous stimulation
-. ý may be dilating aind iiomie coustricting, and an apparent toxic act ion on the left ventricle.



A marked and pawgiv-.,i" iwic,* ;a e•ezous rm. direct tpdhways was opposed by the tandency
tur1 .Ordiilw oWuJ1441) 4ditiiri Ulthin 330 Uffnutc for hwAr~t failure to occur. Animals given endrin
following endrin admininstration. Total periph, exhibited large increases in blood catecholaItMie
eral resistanne falls significnntly and remains concentration that were significantly depreed
low. Endrin aplwatrs In exert a toxic action on when pH was maintainvd constant with a blood
the left ventricle: left heart failure, demon- buffer. Bilateral adrenaectomy significantly de-
strated by elevated lefi atrial prewure regularly reased eatecholamine coa<centrations that, how-
ooiur•rd, Endrin prirrmbirl a ris in pulnonary . -I-te d over
airterv presnure. but no Ohtangesi in liulmonary ever. were signlihanty preendrin
vascular resistance or right otrial pressure were values. Cardiova.,'ular alterations were not sig-
Owerved. 'lTi t.ltp,' of the insecticide il in- nificantly correlated with blood concentrations of
creasing cardiac nutput primarily through in. ratorholonkines after endrin.
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APPENDIX
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FGtL'AZ 0. EKfects of endrlin aad varlous treatment procedures oi; plasilla •otal vatecho-

lmine concentrations (mean valuce).

PLA tSMA TOTAL CATECHIOLAINES pIg/L (M ±SE)

Time Endrin Endrin Adrenalec-
(min) Control Endrin plus plus tomizod

oxygen THAAI plus endrin

0 1.1 +0.6 3.4 ±!3.3 3.7 ±3.4 1.5 +l.0 0.7 ±0.2
(N = ) (N =, 61 ( (N,5) (N=0)

+30 1.8 :2.1 1..5 1-38.9 20.0 .20.0 0.0 ±5.2 2.5 ±0.6
(N -C) [, (N=6) (N--5) (N=5) (. =6)

+60 1.8 ±1.9 53.8 :t36..4 43.4 ±23.2 l1.3 ±0.6 2.6 t '.8
(N6=) (N 4) (N- 4) (NV =.4) (NT - )
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ENDRIN

N intravenous
injection

S Left Ve'w trIcle

Sympothetic Adrlnals Parasympathetic 4
e Heart Failure

Excessive
increased Marked salivation Decreased
venous increase Cardiac Output
return in plasma

|V L catecholomines
i J COnlVUsi~ons

(Skeletal roedycardlaSL __ -_M uscles) ..

Decrease In
Increased effective gaseous

cardiac transport In lungs
outpc t S~hypoxio

"Decrease in
vascular
" resistance

FmIOL-E 10. Suggested acbems for action of eadrin in doe.
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TA�U�ZE 1. Enrdrin toxicii.y ttudi"• in dogs.

I I

__ - 2 3 W(macjkg) il 2 3 b 1

No. ana...... 5 j 5 8 6
NIiS1 1uriil Permanentl 24 20 3 2

timer ihr' i iurvivorsi
Percent moraliv," 0 40 75 100 100

TAuLz 2, Effect oe endrin on isolated heart (M :- SE).

A. Experim'-tals (five preparations)
Time A13P* RAP LAP Cardiac output
(r11n) (mm 11g) (mim Hg) (mm Hg) (cc/minlkg)

0 91 ±5.5 6.90 3.0 8.4 ±4.1 74 ±-5.,1
20 04 ±0 5.2 ±2.1 10.3 -4.3 76 ±6.4
40 04 +Li.1 5.3 +2.2 14.3 -44.6 72 *5.2
60 02 +6.8 5.6 ±2.3 30.0 ±4.0 67 ± 5.8

B. Controls (five preparationa)
Time ABP* RAP LAP Cardiac output
(min) (ram BHg) (mm Hg) (tam Hg) (cclratalkg)

0 00 L4.8 2.1 ±2.0 3.6 ±1.2 80 ±2.6
20 90 ±4.2 3.0 +2.3 3.2 ±0.9 79 ±-3.1
40 86 ±7.4 3.1 ±2.8 2.8 ±0.8 78 ±3.1
60 85 ±7.5 3.2 ±3.1 3.8 ±0.9 76 ±4.05

-ABP=arterlI blood premsure.
LPt=right atrial presaure.
LAP=lett atial pre.ure.
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TAn., 3. Effect of endritn on blood roneentration, of oxygen and carbon dioxide (M *S E).

Time Oxygen Carbon dioxide

Artery Vein Artery Vein

Control 0 17.13 10. U2 10.78 ± 1.10 20.40 ±1.00 33.25 +1.17
4-30 1t.81 10.90 10.t21 ±1.25 20.63 *1.01 32.48 ±1.14
+60 17.10 -LO0.i2  10.05 11.20 24,77, 1.28 30.44 ±1.32

Fdririn 0 17,31it..73 10.03 0.h 26.41 ±11.83 32.43 -2.46
-+-30 10.84 1. .. 7 2. ±i. . 3 28.%0 2.,39 37.41 +2.05
+tk 11.21 11.75 1. 3 1. 12 19.97 3.23 30.45 +1,45

Endrin + 0 14.30 ±1.26 7. 53 1.35 32.36 ±2.48 38.86 L2.34
LIxygen +30 10. 64 1.,21 4.32 1 1.18 30.87' ±2.15 37.23 L 5. 56

-460 14,73 +2. 03 2.34 ±0.68 28.46 ±E4. 61 43.5 11. 1t

TAS3z 4. Effect of endrin following acute bilateral
adrennlectomy on hemodynamie parameters

in dogs (mean values, five animal,).

Mean Total
"Time systemic Cardiac pcripheral

post,ýhdrin arterial inflow resistanee
pressure

(rain) (amu 11g) (veemirn/kg) (ram 17Igleel

rninlkg)

0 94 62 1.5
5 77 56 1.4

10 78 66 1.2

15 89 02 1.0
20 78 102 0.9
25 74 113 0.7
30 01 118 0.6
35 65 109 0.6
40 67 102 0.7
15 68 08 0.7
50 67 91 1 0.8
55 65 93 0.8
60 61 83 1.8
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